and the protein found in the acellular cementum is similar to enamel matrix derivative. 3 Amelogenin is also known not only as cell adhesion protein which has high compatibility with both hydroxyapatite and collagen, but also promoting cell spreading property. 4 When EMDs are applied on exposed root surfaces, tissue regeneration is achieved by osteogenesis, and acellular cementogenesis, histologically. 5 According to a clinical experiment which EMD was applied, Heiji et al. 6 reported a bone gain of 2.6 mm in one-or twowall bone defect. Froum et al. 7 reported that in case of horizontal bone loss, the periodontal ligament attachment level was retained by open flap debridement with EMDs application. Sculean et al. 8 reported a clinical result of periodontal surgery using EMDs showing a favorable long term outcome over more than 4 years. And Van der Pauw et al. 9 reported that EMDs increase the stimulation of periodontal attachment by increasing alkaline phosphate (ALP) level. However, it is not yet clear how the EMDs imitate root and supporting tissue formation.
Periodontal regeneration is associated with a serial procedure, which is proliferation of periodontal ligament cells (PDLCs), and composition and calcification of an organic substance, such as enamel matrix derivative. 10 PDLCs are thought to play an important role in maintenance, regeneration and recovery of the tooth attachment apparatus.
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For the successful regeneration, PDLCs and probiont should interact with each other, and there may be some factors that influence productivity and growth powerfully.
Therefore, we intended to identify the effects of enamel matrix derivatives on the proliferation and the release of growth factors of human PDLCs and ALP activity, by culturing human PDLCs at different EMD concentrations.
Materials and Methods

Cell isolation and culture
PDLCs were prepared from extracted third molars that were removed for orthodontic reason in young healthy volunteers. The study protocol was approved by the Institutional Review Board of Ewha Womans University Mokdong Hospital (No. 2015-02-022). Using sharp blades or curettes, PDLCs were obtained from the middle onethird of individual extracted teeth and placed in Dulbecco's modified minimum essential medium F-12 (DMEM/F12; GIBCO BRL, Grand Island, NY, USA) supplemented with 10% fetal bovine serum (FBS; GIBCO BRL, Grand Island, NY, USA), 100 U/mL penicillin, 100 μ g/mL streptomycin and were overlaid with cover slips. Cultures were performed in an incubator with an environment of 37℃, 95% air, and 5% CO2 for 24 hours. While waiting for the release of PDLCs from the tissue for about 5 days, culture medium was replaced once in two days. Outgrowing cells were sub-cultured in fresh culture medium. Cells of the fourth to sixth passage were used for the experiments described below.
Preparation of EMDs
Emdogain (Biora, Malmo, Sweden), a mixture of freeze-dried enamel matrix proteins harvested from the developing crowns of 6-month-old swine, is a unique material that came into the market as a device promoting regeneration of PDLCs4, used as EMDs in this study. Gel-type Emdogain was completely dissolved in 10 mM glacial acetic acid, then was added to culture media.
Effect of EMDs on the proliferation of PDLCs
The PDLCs were seeded in 96-well plate at a density of 1×10 4 cells/well and incubated in 100 μ L DMEM containing 10% FBS. After 24 hours, the medium was replaced with serum-free DMEM. After 24 hours, they were subcultured into two groups. The medium was replaced with serum-free DMEM containing EMD in the test group, and serum-free DMEM in the control group. EMDs were present in each test media at concentration of 0, 12.5, 25, 50, 100, and 200 μ g/mL.
2 After 3 days of incubation, analysis was performed using cell proliferation assay kit (Cell counting kit-8, Donjindo Lab., Kumamoto, Japan). All samples were prepared every 3 units.
Effect of EMDs on the ALP activity of PDLCs
The PDLCs were seeded in 96-well plate at a density of 1×10 4 cells/well and incubated in 100 μ L DMEM containing 10% FBS. After 24 hours, the medium was replaced with serum-free DMEM. After 24 hours, they were subcultured into two groups and the medium was replaced with DMEM containing EMDs in test group, and serum-free DMEM in the control group. Five subgroups were set in the EMD group by concentrations of 0%, 2.5%, 10%, 20%, and 40% EMD.
ALP activity in the cell layer was determined by ALP analyzing reagent (BioAssay Sys., Hayward, CA, USA). The cells from test and control groups were washed twice with Dulbecco's phosphate buffered saline (DPBS) and 50 μ L of 0.2% Triton X-100 was added and shaked on a plate-shaker for 20 minutes. 150 μ L of ALP analyzing reagent (1 M p-nitrophenyl phosphate and 0.2 M Mg acetate) was added and incubated at 37℃ for 30 minutes.
The ALP disintegrated p-nitrophenyl phosphateto p-nitrophenol and phosphate forming yellow color. After stopping the reaction by adding 100 μ L of 1 M NaOH, p-nitrophenol formed was measured at 405 nm using a microplate reader (Synergie HT, Bio-Tek, Winooski, VT, USA). The more it appears brown, the higher activity it shows.
Effect of EMDs on the release of growth factors from PDLCs
3×10
5 cells of PDLCs were added to each 35 mm culture dishes and incubated in DMEM medium supplemented with 10% FBS. After 24 hours, culture medium was replaced with serum-free DMEM. Two groups were set after 24 hours. The test group was incubated in DMEM medium supplemented with EMD of minimum concentration that increase cell proliferation and ALP activity at former experiment and the control group was incubated in serum-free DMEM medium. The conditioned media was harvested after 0, 8, 24, 48, and 72 hour and kept in -70℃. Then, platelet derived growth factor (PDGF)-AB, PDGF-BB, transforming growth factor (TGF)-β 1, vascular endothelial growth factor (VEGF) level of each conditioned media according to time were measured by ELISA method. Average data of 3 unit samples were used.
Statistical analysis
Data were analyzed using GraphPad Prism version 5.0 (GraphPad Software, San Diego, CA, USA).
In cell proliferation assay according to EMD concentration and ALP activity analysis, statistical analysis was performed by one-way analysis of variance (ANOVA) and Bonferroni's multiple comparison test (P < .05).
Results
A. Effect of EMDs on the proliferation of PDLCs
The effect of different EMD concentrations on the proliferation of PDLCs was examined. The results represent that cell proliferation of PDLCs cultured in more than 25 μ g/mL EMD was significantly higher than control group (P < .05) (Fig. 1) .
B. Effect of EMD on the ALP activity of PDLCs
Effect of different EMD concentration on the ALP activity of PDLCs was examined. The results represent that ALP activity of PDLCs cultured in 50 μ g/mL EMDs was significantly higher than control group (P < .05) (Fig. 2) .
C. Effect of EMDs on the release of growth factors of PDLCs
According to the result about an effect of different EMD concentrations on the ALP activity and proliferation of PDLCs, the concentration of 50 μ g/mL EMD was selected to evaluate the release of VEGF and TGF-β . The growth factors of PDLCs were measured and evaluated over time for 72 hours (Fig. 3, Fig. 4 ). VEGF and TGFβreleased from PDLCs cultured in 50 μ g/mL EMD were significantly higher than control group (P < .05). 
Concentration of EMD Concentration of EMD Optical Density (405 nm)
Optical Density (405 nm)
1. VEGF The release of VEGF relevant to angiogenesis, increased over time. The release of VEGF was significantly higher than control group after 48 hours (P < .05) (Fig. 3 ).
TGF-β
The release of TGF-βincreased over time. TGF-βreleased from PDLCs cultured in 50 μ g/mL EMD were significantly higher than the control group after 24 hours (P < .05) (Fig. 4) .
Discussion
PDLCs are essential in supporting and healing the tooth attachment apparatus. Thus, the ultimate goal of periodontal regeneration is to promote PDLC productivity and calcified tissue by stimulating growth of PDLC. As PDLC can proliferate and migrate, they promote periodontal tissue regeneration by differentiating to osteoblastlike and cementoblast-like cells.
1 During this procedure, EMDs are thought to play a considerable role in promoting PDLC attachment and growth. 4 There have been reports that EMD control intracellular cAMP signals which are associated with PDLC proliferation and metabolism activity and secretion of numerous self releasing growth factor. 12 EMD is composed of 2 protein families, 90% of amelogenins which are thought to form the periodontal attachment during tooth development, and the non-amelogenins such as ameloblastin, enamelin, and tuftelin. 13 The theory that EMDs play a considerable role in tissue regeneration to promote PDLC proliferation and repair has been applied clinically. There have been reports that EMDs promote the proliferation of PDLC and stimulate osteogenesis by production of collagen and reinforcement of calcification, 14 but there has been no definite answer about the mechanism how EMDs influence PDLC. It was identifed that EMD didn't contain the growth factor including PDGF, TGF-β , and insulin like growth factor. 4 The previous study demonstrated that EMDs enhanced proliferation, increased protein production, and promoted mineral nodule formation. 4 Thus, we observed ALP activity which reflects the change of cell proliferation rate and osteogenetic ability when EMD was applied to PDLC, and examined optimum concentration of EMD.
As a result, cell proliferation of PDLCs cultured in >25 μ g/mL EMDs were significantly higher than the control group, and ALP activity of PDLCs cultured in 50 μ g/mL EMDs was significantly higher than the control group (P < .05). Accordingly, 50 μ g/mL EMD was used in the next experiment which evaluated the effect of EMDs on release of growth factor from PDLCs over time.
In this experiment, >25 μ g/mL EMDs promoted cell proliferation of PDLCs, 50 μ g/mL EMDs increased ALP activity of PDLCs. As ALP activity is the marker of early osteogenesis, this result shows validity of the theory that EMDs play a primary role in periodontal regeneration by PDLCs. Van der Pauw et al. announced that EMDs increase ALP which is not proliferating PDLCs, but stimulating attachment of PDLCs. 9 According to in vitro experiment of Chong et al. about which area among damaged site is most effective when EMDs was applied, EMDs did not reveal significant wound closure at center of wounds, and showed obvious proliferation of PDLCs and increased wound closure only when PDGF-BB was added. 2 One of the problems of regeneration of PDLCs is to promote proliferation of PDLCs and to suppress grouping epithelial cells at the same time, in this procedure PDGF is effective to heal wound.
In this experiment we examined growth factors released from cultured PDLCs. Results showed that VEGF and TGF-βwere detected significantly, but PDGF-AB and PDGF-BB were not detected significantly. According to the experiment of Hoang et al. which is about wounds, PDLCs showed significant proliferation when both EMDs and PDGF-BB were applied. VEGF (pg/mL) osteoblasts, and when EMDs and demineralized freeze-dried bone allografts (DFDBA) were used together, EMDs strengthened the release of TGF-βand IL-6.
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Mirastschiljski reported that EMDs promote the production of VEGF, which is an angiogenic growth factor that forms blood vessels by stimulating fibroblasts in adult skin. 15 That is, EMDs directly promote angiogenesis by stimulating endothelial cells, and indirectly promotes release of growth factor which participate in angiogenesis.
It has been known that TGF-βwhich is powerful growth factor associated with platelet and osteogenesis, stimulates synthesis and accumulation of extracellular matrix. Especially, TGF-β 1 influences proliferation, chemotaxis, and differentiation of osteoblast. 16 TGF-βis an additional factor used in the regenerative treatment of periodontal tissue for recovering and regenerating calcified tissue, but the expression effect of TGF-β , which is a self-releasing growth factor, is not obvious. 17, 18 In the experiment of Lyngstadaas et al., production and release of growth factor, such as TGF-βbegan in medium on which PDLCs were cultured for several days, TGF-βwas released faster and showed more abundant concentration in medium which EMDs were added. 12 In this experiment the release of VEGF and TGF-βwas detected significantly, the amount of each growth factor detected was different according to time. VEGF relevant to angiogenesis, was released significantly after 48 hours culturing, and detected amount of TGF-βwas significantly higher than that in the control after 24 hours culturing.
Therefore, the positive effect of EMDs on periodontal regeneration is achieved by promoting the release of growth factors like VEGF and TGF-βof PDLCs.
Our results suggest that EMDs are important for the success of periodontal tissue regeneration, but we can not apply these in vitro results to in vivo experiments. Thus, more exact cytological experiments and clinical studies will be needed in the future.
Conclusion
Conclusively, EMDs enhanced the proliferation of PDLCs, the ALP activity of PDLCs, and the release of growth factors such as VEGF and TGF-βfrom PDLCs. Therefore, EMDs could be one of the effective methods for periodontal regeneration.
